SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting-The protocol for
SDS-PAGE, development of blots, methods of densitometry and quantification have been described 1 1 2
previously [22] . Digestion with V8 protease-N2a cells, ~60 % confluent on 6-well culture plates, were transiently hours after transfection, cells were rinsed once with phosphate-buffered saline (PBS) and then 1 ml/well of extraction and methanol/chloroform precipitation as previously described [22] . The pelleted proteins after
methanol/chloroform precipitation were dissolved in 0.5% SDS in 50 mM sodium bicarbonate on a shaking incubator (Thermomixer; Eppendorf AG, Germany), at 95 o C for 10 minutes with shaking at 1,400 rpm.
After the pellet was completely dissolved, the solution was diluted with a 4-fold volume of 200 mM sodium
bicarbonate to dilute SDS concentration, so that V8-protease efficiently digests PrP. After addition of 2 buffer with or without DTT was added and boiled. For re-probing of the PVDF membrane, the membrane
was incubated in 100 % methanol for 20 minutes, washed in TBST and incubated with another primary
antibody in 5% milk in TBST.
Immunofluorescence analysis -The procedures for transient transfection of cells, fixation,
permeabilization, and immunolabeling were as reported previously [22] , except that samples were
analyzed on an epifluorescence microscope, Olympus IX51, with objective lens Olympus LUCPlanFL N 40 1 3 7
x (0.60), and images were acquired with software Olympus DP2-BSW. regions are cross-linked by an artificial disulfide bond (Fig. 1A) , and tested their conversion to PK-res to that of (3F4)MoPrP (Fig. 1B) , typical of PrP C with complex-type N-linked glycans and GPI anchor, and
lacked the dimeric forms (Fig. 1B, square bracket) . Their expression levels were varied (Fig. 1B, graphs) . highest expression levels among 166C;C-series (Fig. 1C , lanes 3 and 6). "Intramolecular" disulfide
crosslink of C;C-PrPs is implied by the absence of discernible dimeric forms; unlike C;C-PrPs, all the
mutant PrPs with a single Cys substitution formed substantial levels of dimeric forms which are
presumably crosslinked by an 'intermolecular' disulfide bond and disappear upon dithiothreitol (DTT)
To rule out the possibility that the Cys residues at 178 and 213 which contribute to the native disulfide
bond might be shuffled to couple with the substituted Cys, we replaced either Cys at 178 or 213 with
alanine so that the native disulfide bond is broken and instead coupled with 166C (6C;C178A and
6C;C213A) ( Fig. 1E, schematic) . The banding patterns of those mutants were very different from that of substituted Cys without affecting the native disulfide and undergo normal folding and processing in ER and C;C-PrPs were distributed on the cell surface ( Fig. 2 , non-permeabilized) and in the perinuclear region as subcellular localization of C;C-PrPs. crosslink formation by the substituted Cys, we introduced a FLAG-tag to C;C-PrPs (Fig. 3A) and analyzed theoretically produces extra bands on immunoblots by bonding fragments (Fig. 3A) . Indeed, V8-digested
FLAG-tagged (3F4)MoPrP, 166C, 6C;3C and 6C;9C (Fig. 3B) showed distinct banding patterns along with remained after the digestion (Fig. 3B , compare lanes 7 and 8, arrowhead), whereas full-length 1 8 7
(3F4)Mo-FLAG and 166C-FLAG PrP were completely digested (Fig. 3B , compare lanes 5 and 6, 1 8 8 arrowhead). Relative protease resistance of C;C-PrPs was also implied by smaller amounts of fragments produced by endogenous proteolysis (Fig. 3B , lanes 3 and 4, square bracket). These are attributable to
steric effects caused by the crosslink of H1~H2 and Ctrm concealing protease-vulnerable regions. Second,
the greatly improved immunoreactivity of the smallest fragments of 6C;3C-FLAG and 6C;9C-FLAG by DTT of V8-digested 6C;3C-FLAG and 6C;9C-FLAG (Fig. 3B , arrowhead and square bracket, respectively)
which disappeared by DTT (Fig. 3B , lanes 7 and 8, curled bracket) would apparently represent the
predicted "extra fragments" (Fig. 3B , lanes 5 and 6, square bracket). Taken together, these findings
strongly support the intramolecular crosslink formation between the Cys residues.
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Conversion of C;C-PrPs into PK-res isoforms by bona fide PrP
Sc -Next, we assessed conversion
efficiencies of 165C;C-and 166C;C-series mutants by expressing them in 22L-ScN2a and evaluating their 2 0 0 PK-res. Among 165C;C-series, only 5C;8C and 5C;9C showed PK-res (Fig. 4A) , while 166C;C-series 2 0 1 exhibited gradually increasing levels of PK-res from 6C;5C to 6C;9C (Fig. 4B) . Just as PrP C isoforms,
PK-res of C;C-PrPs lacked dimeric forms (Fig. 4C , Double-Cys), whereas every single-Cys PrPs tested
showed intense dimeric bands (224-229C; Fig. 4C , Single-Cys) which disappeared with DTT ( Fig. 4D) .
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These data support the view that the PK-res of C;C-PrPs were not derived from PrP C isoform with free Cys PK-res in non-infected N2a cells demonstrated that the conversion of 6C;9C into PK-res isoform was
PrP Sc -dependent (Fig. 4E, lane 5) . We thought that the non-convertible C;C-PrPs, e.g. those from 6C;0C discussed later, but there also was a possibility that they just cannot encounter PrP Sc template in the cells.
We tested the possibility by assessing their dominant negative inhibition efficiencies, as previously 2 1 1
described [22] . Since 6C;0C to 6C;4C would not show discernible PK-res, the constructs could be used inhibition on the co-expressed convertible (3F4)MoPrP (Fig. 4F, lanes 2-7) , confirming that these 2 1 4
C;C-PrPs do interact with template PrP Sc but cannot convert into PK-res isoforms. 218K/6C;9C showed similar PK-res levels as 6C;9C (Fig. 4G, lanes 3 vs. 4 ), whereas Q218K PrP showed 2 2 3 much lower levels compared to wild-type PrP (Fig. 4G, lanes 1 vs. 2 ). This suggested that the artificial 2 2 4 disulfide crosslink of 6C;9C can suppress the effects of Q218K. positional change towards Ctrm during refolding into PK-res ( Fig. 5A): i.e. a disulfide crosslink between
Cys at position 165 or 166 and Cys229 does not interfere with the refolding process (Fig. 5B) . The model
predicted the existence of another disulfide crosslink which would not interfere with the refolding reaction, 2 3 2 bonding a more distal H1~H2 residue and a more proximal Ctrm residue (Fig. 5C vs. 5D ). To test this 2 3 3 hypothesis, we created 168C;C-PrPs (Fig. 6A) and assessed their conversion efficiencies in 22L-ScN2a.
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Expression levels of 168C;C PrPs in N2a cells were similar to that of 165C;C-and 166C;C-series mutants 2 3 5
( Fig. 6B) detectable levels (Fig. 6C) in a PrP Sc -dependent manner (Fig. 6D) . Although we also combined 167C or
169C with Cys-scanning in Ctrm from 224 to 229 and 221 to 226, respectively, there were no discernible 2 3 9 levels of PK-res. N2a58 cells and compared its conversion to PK-res. Surprisingly, PK-res of 8C;5C was seen only in
RML-infected cells, whereas completely absent in Fukuoka1-infected cells (Fig. 6E) . of systematically-designed mutant PrPs with an artificial disulfide crosslink between H1~H2 and Ctrm. might be a strain-specific event, suggesting that these regions greatly contribute to the prion strain crosslink and fixate PrP C of C;C-PrP at an aberrant conformation.
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Implications about regional structures of PK-res -165C;C-, 166C;C-and 168C;C-series showed without affecting the global conformation is highly informative about the regional structures of the protein. The approach was adopted in the investigation of regional structures of PrP C and PrP fibrils, as well refolding process and would not be required to greatly change for the conversion. Moreover, the
discrepancy between the most-highly-expressed and the most-efficiently-converted in each series (e.g. 8C;1C vs 8C;5C) is also intriguing. As discussed above, high expression levels of C;C-PrPs imply that their conversion reaction in 22L-ScN2a (Fig 6D) .
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Among the convertible C;C-PrP constructs, 8C;4C and 8C;5C are particularly interesting. Kurt and 2 8 7
colleagues reported that replacement of tyrosine at the residue 168 with aromatic residues does not affect PK-res formation, which strongly supports our hypothesis that the strain diversity of PrP Sc stems from in those regions. Our finding is also consistent with the strain-specific resistance of mice expressing PrP which could reasonably explain those discoveries.
The distribution of the convertible C;C-PrPs were also informative about the local structure of H1~H2 to point outward to form a disulfide bond with the counterpart in Ctrm. The lack of discernible PK-res in 3 0 7
167C;C-and 169C;C-series would be also consistent with the presence of a β -arch in the region. protective against sporadic CJD but the exact underlying mechanism is yet to be identified. The partial [41] [42] . This is consistent with our view that the significance of the positional relation of those regions is 3 2 0 strain-dependent. ratio. One possible mechanism is that the crosslink between H1~H2 and Ctrm is advantageous for 3 2 6
conversion of the diglycoform C;C-PrP. As the diglycoform of PrP C isoform is much more abundant than 3 2 7 the other glycoforms, theoretically even a small improvement in conversion efficiency of the diglycoform 3 2 8
can change the glycoform ratio. In conclusion, thus disulfide-crosslink scanning are unique and promising investigation tools which about prion. The intramolecular crosslink approach can be also applicable to other types of amyloids than 3 3 4
